Solar Energy 82 metallurgical p-n junctions obtained by diffusion of dopants in a silicon substrate. This was demonstrated with ITO/Si structures fabricated by sputtering of the ITO film on a p-type silicon substrate (DuBow et al., 1976) , where the solar cells operated as minority-carriers (or p-n) diodes. On the other hand, numerous published works have shown that solar cells fabricated on n-type silicon operate only as majority (MS or MIS) diodes (Nagatomo et al., 1979 (Nagatomo et al., , 1982 . Nevertheless, in this work we show that combining a special treatment of the silicon surface with the electro-physical properties of the spray deposited films allows for the fabrication of inversion p-n solar cells based on n-type silicon substrates.
Fabrication of ITO and FTO films by spray pyrolysis
The spray pyrolysis technique was used for the deposition of thin ITO and FTO films on glass and sapphire substrates in order to investigate their structural, electric, and optical properties. A 10 Ω-cm n-type (100)-oriented silicon substrate, whose surface was chemically cleaned and specially treated, was used for the fabrication of the solar cells. The glass apparatus (atomizer) was designed in such a way that small-size droplets were obtained. The substrates were mounted on a heater covered with a carbon disk in order to assure a uniform temperature, and the spraying was conducted using compressed air. Periodical cycles of the deposition with durations of 1 sec and intervals of 5 sec were employed to prevent a rapid substrate cooling. Deposition rate was high, about 200 nm/min.
Deposition of ITO films
For the ITO films deposition, 13.5 mg of InCl 3 were dissolved in 170 ml of 1:1 water and ethylic alcohol mixture, with an addition of 5ml of HCl. Different ratios of Sn/In achieved in the ITO films were controlled by adding in the solution a calculated amount of tin chloride (SnCl 4 * 5H 2 O). The substrate temperature was controlled with a thermocouple at a value of 480±5 0 C. The optimal distance from the atomizer to the substrate and the compressed air pressure were 25 cm and 1.4 kg/cm 2 , respectively. We obtained a high deposition rate of about 200 nm/min.
Deposition of FTO films
The precursors for the deposition of the FTO film were prepared based on 0.2 M alcoholic solutions of SnCl 4 * 5H 2 O with different content of NH 4 F for obtaining different F/Sn ratio in the films. The remaining deposition parameters were the same as those used for depositing the ITO films.
Characterization equipment and methods

The film thickness was measured with an Alpha
Step 200 profilometer. The electrical resistivity, Hall mobility and carrier concentration were measured at room temperature using the van der Pauw method. Hall effect parameters were measured using a magnetic field of 0.25 Tesla. The optical transmission spectra were obtained with a spectrophotometer. The structural characterization was carried out with an X-ray diffractometer operating in the Bragg-Brentano Θ-Θ geometry with Cu K α radiation. A JSPM 5200 atomic force microscope was used to study the film surfaces. The chemical composition of the films was determined using an UHV system of VG Microtech ESCA2000 Multilab with an Al-K α X-ray source (1486.6 eV) and a CLAM4 MCD analyzer. The average size of the grains, 30-50 nm, was determined using the classical Debye-Scherrer formula from the half-wave of the (400) reflections of the XRD patterns A surface roughness about 30 nm was determined from images of the films surfaces obtained with the atomic force microscope (Figure 2 ). Figures 3 and 4 show the dependence of electric parameters of the spray deposited ITO film on the ratio Sn/In. The sheet resistance R s shown in Figure 3 presents a minimum of 12 Ω/□ the films prepared from the solution with a 5% Sn/In ratio. Figure 5 shows the optical transmission spectra for the ITO films spray-deposited on a sapphire substrate as a function of the wavelength for solutions with different Sn/In contents. The use sapphire substrates allow for determining the optical energy gap of the ITO films by extrapolating the linear part of α 2 (hν) curves to α 2 =0, where α is the absorption coefficient. The optical gap increases with the carrier concentration, corresponding to the well known Burstein-Moss shift. For the Ito films fabricated using the solution with a 5% Sn/In ratio this shift is 0.48 eV, and the optical gap is 4.2 ± 0.1 eV. Such high value for the optical gap offers transparency in the far ultraviolet range, which is important for the application of these films in solar cells. Because of the opposite dependence of the conductivity (σ) and transmission (T) on the thickness (t) of the ITO, both parameters need to be optimized. A comparison of the performance for different films is possible using the φ TC =T 10 /R s =σt exp(-10αt) figure of merit (Haacke, 1976) . Table 1 
Fluorine-doped tin oxide (FTO) films
The X-ray diffraction (XRD) measurements indicate that all the spray-deposited FTO films present a tetragonal rutile structure in a polycrystalline configuration with a (200) preferential grain orientation. The XRD spectra of the FTO films fabricated using precursors with different F/Sn ratios are shown in Figure 6 . Angle of diffraction 2θ (degree) Fig. 6 . The XRD spectra for the FTO films fabricated using precursors with different F/Sn ratio The surface morphology of the films fabricated using precursors with different F/Sn ratio, and obtained with a scanning electron microscopy (SEM), is shown in Figure 7 . obtained with atomic force microscope for the FTO film fabricated using solutions with different F/Sn ratios presents a minimum of 8-9 nm at the F/Sn=0.5 ratio. Figure 8 shows that the electrical characteristics also present some peculiarities for the films prepared using a precursor with this F/Sn ratio. . Optical transmission (above graph) and dependence of the optical gap (below graph) for the FTO films fabricated using solutions with different F/Sn contents and spraydeposited on a glass substrate as a function of the wavelength The optical energy gap (Fig. 9) was determined from the analysis of the absorption spectra for the films deposited on the sapphire substrate. The Burstein-Moss shift presents a maximum value of 0.6 eV for the films fabricated using the precursor with F/Sn =0.5, which also corresponds to the highest electron concentration (1.8×10 21 cm -3 ). Figure 10 shows the Φ=T 10 /R s figure of merit for the FTO films reported in this work. The value we obtained for this figure of merit was Φ =75×10 -3 Ω -1 for the films prepared using a precursor with F/Sn =0.5; this is more than twice the value (Φ =35×10 -3 Ω -1 ) reported in the literature (Moholkar et al., 2007) for spray deposited FTO films.
Solar cells based on ITO/n-Si heterojunctions
Physical model of the solar cells
When the ITO (or FTO) film is deposited on the silicon surface, a metal-semiconductor contact-like is formed due to the metallic electric properties of the degenerated metal oxide. Ideally, the barrier height (ϕ b ) formed between the metal and the n-type semiconductor is determined by the difference between the metal (or in our case the metal oxide) work function (ϕ M ) and the electron affinity (χ s ) in the semiconductor. Actually, the surface states present in the interface pin the Fermi level, which makes the barrier height less sensitive to the metal work function (Sze, 2007) . The surface has to experiment a reconstruction due to the discontinuity of the lattice atoms on the surface. Each surface atom present a dangling bond and shares a dimer bond with its neighbor atom, thus giving place to surface states inside the Si band gap (Trmop, 1985) . Recently, it has been shown that the barrier height in a metal-silicon junction can take an almost ideal value if the n-Si surface is passivated with sulfur (Song, 2008) . Also the opencircuit voltage of an Al/ultrathin SiO 2 /n-Si solar cell (Fujiwara, 2003) was improved when the silicon surface was passivated by a cyanide treatment.
In this chapter we will discuss the properties of the ITO/n-Si solar cells presenting extremely high values of the potential barrier at the silicon interface obtained by passivating the surface with a hydrogen-peroxide solution. If the ITO film is deposited on cleared n-type silicon, the barrier height not exceeds 0.76 eV. For this value of the barrier height, the ITO/nSi heterojunctions fabricated on silicon substrates with a resistivity of a few Ω-cm, operate as majority carrier devices, whose characteristics are well described by the Schottky theory. Usually, such type of devices present a high value for the dark current originated by the thermo-ionic mechanism, and the open circuit voltage for these structures designed as solar cells shows a sufficiently low value. The introduction of a very thin (∼ 2 nm) intermediate SiO x layer (Feng, 1979) decreases the dark current and increases the open-circuit voltage. However, the use of this approach to improve the characteristics of the surface-barrier solar cells requires a simultaneous and careful control of the intermediate oxide thickness. Furthermore, the thermal grown intermediate SiO x layer always presents a positive fixed charge located at the SiO x /Si interface, which decreases the barrier height in the case of n-type silicon. Using known data for the work function of ITO films deposited by spray pyrolysis, whose average value is reported as 5.0 eV (Nakasa et al., 2005 , Fukano, 2005 , and the electron affinity of silicon as 4.05 eV, the ideal barrier height between ITO and n-type silicon is 0.95 eV according to the Mott-Schottky theory. After a treatment of the n-type silicon surface in the hydrogen-peroxide (H 2 O 2 ) solution with a controlled temperature (60 0 C) during 10 minutes, a barrier height of 0.9 eV was obtained with capacitance-voltage measurements. This value exceeds by 0.14 eV the barrier height obtained after the deposition of the ITO film on the silicon surface cleaned in HF without the treatment in an H 2 O 2 solution. It is worth discussing the possible reason for this increment of the barrier height after the treatment of the silicon surface, as well as the operation of the ITO/n-Si junctions with an extremely high barrier height. Obviously, a junction with such barrier height fabricated on the silicon substrates with moderate resistivity could behave as p-n junctions, in which a surface p-layer is induced by the high surface band bending. Such situation was obtained (Shewchun, 1980) in solar cells ITO/ultrathin SiO x /p-Si structures. However, in this case the inversion of the conductivity type of the p-Si at the surface was caused by other factors, such as the low work function of the sputtered ITO film and the presence of positive charge at the SiO x /p-Si interface. What is the physical reason for the increment of the barrier height in the ITO/n-Si heterojunctions after the treatment of the silicon substrate in heated 30% H 2 O 2 solutions? It has been shown (Verhaverbeke, 1997) that the treatment of the silicon in H 2 O 2 leads to the growth of oxide on the silicon surface. The analysis shows that the main oxidant responsible for this oxide growth is the peroxide anion, HO 2¯. It was also found that the oxide thickness is limited to a value around 0.8-1.0 nm due to the presence of localized negative charge (HO 2¯) at the silicon surface. From this point of view the HO 2¯ at the silicon surface can play a double role. First, these ions can form a chemical composition with the silicon atoms having dangling bounds in the surface. This can be thought as a passivation of the silicon surface, which leads to an increment of the potential barrier during the formation of the ITO/Sl heterostructure. On the other hand, the negative charge of these ions can produce a band-bending (φ s ) at the silicon surface due to an outflow of electrons under the influence of the electrostatic force. Under such conditions, the electron affinity (χ s ) of the silicon at the surface will be lower than that at the bulk by Δχ=χ s -φ s . The presence of a depletion layer at the silicon surface plays an important role for the formation of the potential barrier during the deposition of the ITO film. The barrier will prevent an electron flow from the silicon to the ITO film. The surface barrier between the ITO and the silicon will be formed by the flow of valence electrons from the silicon valence band into the ITO film, creating a hole excess at the silicon surface. Taking into account the initial band-bending at the silicon surface, the formation of an inversion layer is possible. As it was already mentioned, the experimentally determined barrier height at the ITO/Si interface is 0.9 eV. Schematically, the energy diagram of the ITO/n-Si heterojunction is shown in Figure 11 . For sake of simplicity, we do not show the very thin (around 1 nm) intermediate SiO x layer present between the ITO film and the silicon, because at this thickness it does not present any effect on the electro-physical characteristics of the heterojunction. Since the heavily doped ITO film is a degenerated semiconductor, in which the Fermi level lies above the minimum of the conduction band, we can consider this ITO film as a "transparent metal." The inversion layer at the silicon interface appears when the barrier height φ b is higher than one-half of the Si energy gap. If such inversion p-n junction were connected in a circuit, which source of holes would be present in order to form an inversion p-layer that complicates the current flow across the forward-biased structure working as a solar cell? To answer this question we calculated the number of empty energy states in the conduction band of a heavy doped ITO, which are available to accept the electrons transferred from the top of the silicon valence band located at a distance Δ below the Fermi level (Malik et al., 2006) . The probability that an energy state E below the Fermi level E FM in the degenerated ITO is empty was calculated using the Fermi-Dirac distribution. Using a barrier height φ n =0.9 eV, Δ=0.3 eV, and three different values for (E FM -E CM ), which is the distance between the Fermi level an the conducting band of the ITO. This characterizes the degree of degeneration of the ITO film. The calculated number of empty states available to accept the
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electrons from the silicon valence band forming the additional amount of the holes is shown in Figure 12 as triangles. For comparison the number of empty states in the case of a gold/silicon contact with the same barrier height is also shown. For such calculations, the difference between the effective mass of electrons in the ITO and that in gold has been taken into account. Fig. 12 . Calculated number of empty states available to accept the electrons from the silicon valence band (Malik et al., 2006) From the discussion presented above, and the amount of the calculated number of empty states in the ITO, leads to the important conclusion that a heavy doped ITO layer serves as an efficient source of holes necessary to form the inversion p-layer in the ITO/n-Si structures.
Evidence of the inversion in the type conductivity in the ITO/n-Si heterostructures
Based on the barrier height (0.9 eV) obtained from the measured C-V characteristics for the ITO/n-Si heterostructures on 10 Ω-cm monocrystalline silicon, one can discuss about the physical nature of such heterojunctions. Because the barrier height exceeds one half of the silicon band gap, the formation of an inversion p-layer at the silicon surface is obvious from the band diagram. To avoid any speculations on this issue and in order to present a clear evidence for the existence of a minority (hole) carrier transport in these heterojunctions, a bipolar transistor structure was fabricated on a 10 Ω-cm monocrystalline silicon substrate, in which the emitter and the collector areas, on opposite sides of the silicon substrate, were fabricated based on the ITO/n-Si junctions. The ITO film was deposited using the spray deposition technique described in section 2.1 followed by a photolithographic formation of the emitter and the collector areas. The treatment in the H 2 O 2 solution described above was applied to the silicon substrate. An ohmic n + -contact (the base) was formed using local diffusion of phosphorous in the silicon substrate. The dependence of the collector current versus the collector-base voltage, using the emitter current as a parameter, are shown in Figure 13 , together with the emitter injection efficiency of the ITO/n-Si/ITO transistor (Malik et al., 2004) . Fig. 13 . Dependence of the collector current on the collector-base voltage (the emitter current is used as a parameter). The emitter injection efficiency of the ITO/n-Si/ITO transistor fabricated on a 10 Ω-cm silicon substrate is also shown. (Malik et al., 2004) Hence, even in non-optimized transistors (wide base), an efficient hole injection of around 0.2 was observed. This is an obvious evidence of the existence of an inversion layer in the ITO/n-Si heterostructures with a barrier height of 0.9 eV. We can also present two indirect evidences of the p-n nature of the ITO/n-Si heterojunctions. The first one is based on the observation of an efficient radiation emission from the ITO/n-Si structures under a forward bias (Malik et al., 2004) . In metal-semiconductor contacts operated as majority carriers' devices (described by the Schottky theory), the injection ratio does not exceed 10 -4 . Thus, an efficient electroluminescence, in contrast to our devices, is not possible to observe. The next evidence is based on the observed modulation of the conductivity in the forward-biased ITO/n-Si diodes fabricated on high resistivity silicon, which operate as p-i-n diodes. So, the 0.9 eV barrier height belongs to an inversion ITO/n-Si heterojunction. This gives us the possibility to analyze theoretically such structures based on the well-known theory of p-n junctions.
Limit of applicability of the p-n model for the ITO/n-Si solar cells
Once we know the physical nature of the ITO/n-Si heterojunctions with extremely high potential barrier, it is possible to apply correctly the theory for their modelling, which is known as the theory of p-n based solar cells. The problem now is to find the range of resistivity of the silicon substrate on which the p-n theory can be applied to the ITO/n-Si heterojunction with extremely high potential barrier. Based on results published recently (Malik et al., 2008) , the condition for strong inversion in the ITO/n-Si heterojunction requires that
where
s ϕ is the surface potential at the Si/SiO x interface, k is the Boltzmann constant, T is the temperature, n i is the intrinsic carrier concentration, and N d is the donor concentration in the n-Si substrate. On the other hand, ) (
where b ϕ is the potential barrier for carriers from the ITO side of the structure, and N C is the effective density of states in the conduction band. Moreover, the surface hole concentration is
Combining equations (2)-(5), it is possible to obtain the surface concentration of the minority carriers at the Si/SiO x interface under strong inversion of the conductivity type:
This concentration depends only on the barrier height and not on N d . Figure 14 (Malik et al., 2008) junctions. With the potential barrier height of 0.9 eV achieved in this work, the structures may be considered as a symmetrical p-n ( . Due to the substrate resistivity used in this work, 10 Ω-cm (N d =5x10 14 cm -3 ), our solar cells with a barrier height of 0.9 eV present an asymmetrical p + -n junctions, and the theoretical analysis of such structures will be conducted based on the theory of p+-n junctions. We underline again that the intermediate SiO x layer formed after the treatment of the silicon substrate in the H 2 O 2 solution is sufficiently "transparent" for the carriers; then the tunneling current through this layer provides an ohmic contact between the ITO film and the surface-induced p + -Si layer. Thus, we can apply the diffusion theory of the p-n junction based solar cells for modelling the ITO/n-Si solar cells with a barrier height of 0.9 eV (the barrier height does not depend on the substrate carrier concentration) for a silicon substrate resistivity higher than 0.5 Ω-cm (or a carrier concentration lower than 8×10 15 cm -3 ).
ITO/n-Si solar cells: design, fabrication and characterization
The solar cells were fabricated using (100) n-type (phosphorous doped) single-crystalline silicon wafers with a 10 Ω-cm resistivity. Both sides of the wafer were polished. Standard wafer cleaning procedure was used. To form the barrier, an 80 nm-thick ITO film with a sheet resistance of 30 Ω/□ was deposited by spray pyrolysis on the silicon substrate treated in the H 2 O 2 solution. This ITO thickness was chosen in order to obtain an effective antireflection action of the film. Metal, as an ohmic contact in the back side of the wafer, was deposited on an n + -layer previously created by diffusion. The device area for measurements was 1-4 cm 2 . Approximately 1 μm-thick Cr/Cu/Cr film was evaporated through a metal mask to create a grid pattern (approximately 10 grid-lines/cm). After fabrication, the capacity-voltage characterization was conducted to control the value of the potential barrier. Then the following parameters were measured under AMO and AM1.5 illumination: open circuit voltage V oc , short circuit current I sc , fill factor FF, and efficiency. No attempt was made to optimize the efficiency of the cells by improving the collection grid. The series resistance (R s ) of the cell was measured using the R s =(V-V oc )/I sc relationship (Rajkanan, Shewchun, 1979) , where V is the voltage from the dark I-U characteristics evaluated at I=I sc . It was shown above that the ITO/n-Si heterostructures with a potential barrier height at the silicon surface of 0.9 eV behave as pseudo classical diffusion p-n junctions. Thus, it is expected that the diffusion of holes in the silicon bulk dominates the carrier transport instead of the dominance of the thermo-ionic emission in the Schottky and the metal/tunnel oxide/semiconductor structures. A straightforward measurement of the dependence of the dark current on temperature is, in principle, sufficient to identify a bipolar device in which the thermo-ionic current is negligible in comparison to the minority-carrier diffusion current J d (in units of current density). A simple Shockley's analysis of the p-n diode including the temperature dependence of the silicon parameters (diffusion length, diffusion coefficient, minority carrier life-time, and the intrinsic concentration) (Tarr, Pulfrey, 1979) shows that
and
where γ = 2.4 and E g0 = 1.20 eV. From Eq.(8) it can be seen that the plot log(J 0d /T γ ) vs. 1/T should produce a straight line, and that the slope of this line should be the energy E g0 . In the case of MS and MIS devices this slop must be equal to the value of the barrier ϕ b . Usually, the series resistance of the device affects the I-V characteristics at high forward current densities. To prevent this effect, we must measure the J sc vs V oc dependences (Rajkanan, Shewchun, 1979) . The photogenerated current is equal to the saturation photocurrent. For minority-carrier MIS diode with a thin insulating layer (Tarr, Pulfrey, 1979) ) ( ) (
For an increasing bias, J d increases faster than the recombination current density J rg ; in the high illumination limit we should have
which gives an n factor approximately equal to 1. Figure 15 shows the measured dependence of J sc on V oc at room temperature. The value of J 0d in (10) was determined by measuring J sc and V oc at different temperatures, and under 97 illumination with a tungsten lamp. An optical filter was used to prevent the heating of the cell by the infra-red radiation. For each J sc -V oc pair lying in the range where n ≈ 1, J 0d =J 02 was calculated from (10). After making the correction for the γ T factor appearing in Eq. (8) The slope of the J 02 vs. 1/T line was found to correspond to an energy E g0 from Eq.(8). It can be concluded that for high current densities the current in the cell is carried almost exclusively by holes injected from the ITO contact that later diffuse into the base of the cell. The output characteristics of the ITO/n-Si solar cell measured under AM0 and AM1.5 illumination conditions, as well as the calculated dependence of output power of the cell versus the photocurrent, are shown in Figure 16 . The fill factor (FF) and the efficiency calculated from these characteristics are 0.68 and 10.8% for AM0 illumination conditions; and 0.68 and 12.1% for AM1.5 illumination conditions. The fill factor and efficiency obtained are not optimized because of the cell design and the used silicon substrate with relatively high resistivity. Below, a theoretical analysis followed for increasing the output parameters of the cells using silicon substrates with lower resistivity is presented.
Optimization of the output characteristics of the cells: theoretical analysis
Recently, a detailed theoretical modelling of the ITO/n-Si solar cells has been reported (Malik et al, 2008) . Based on these published results, here we show the most important conclusions; further details can be consulted in that work. For all the calculations, the thickness of the silicon substrate, sheet resistance and thickness of the ITO film were taken as d=500 μm, 30 Ω/, and t=80 nm, respectively. We considered the case when the diffusion length of minority carriers is shorter than the thickness of the silicon substrate, and assumed that the carrier recombination rate at the back contact of the silicon substrate is infinite. The total series resistance of the cell with an area of 1 cm 2 used for these calculations was taken as 1.8 Ω.
In order to calculate the theoretical parameters of the solar cells we assumed also that the equation for the I-V characteristic for an illuminated cell (Sze & Ng, 2007) is
where J is the current density, J 0 the saturation dark current density, J sc is the short-circuit current density, V is the output voltage, R s and R sh are the series and shunt resistances, and γ is the "ideality" factor of the solar cell. According to our experimental results, γ was taken as 1 for the calculations. In order to calculate the photocurrent density we integrated the next equation based on the spectral distribution of the incident solar radiation, and the parameters of silicon (absorption coefficient α(λ), diffusion length for minority carriers L p , and thickness of the silicon substrate d): where q is the electron charge, W is the depletion width in the silicon substrate, and R(λ) is the spectral reflectance from the ITO/Si interface calculated from the optical constants of silicon and ITO (Malik et al, 2008) . The spectral distribution F λ of the solar radiation, which are related to the AM0 (136 mW/cm 2 ) and AM1.5 (100 mW/cm 2 ) conditions, have been used in the calculations according to the 2000 ASTME-490-00 and ASTM G-173-03 standards, respectively. The values of the open-circuit voltage under AM0 and AM1 conditions were calculated according to the equation
where the saturation dark current density J 0 is calculated from the equation
Here, n i and N d are the intrinsic and donor concentrations in the silicon substrate, respectively, and D p is the diffusion coefficient for holes. Figure 17 shows the experimental (dots) and calculated (lines) I-V characteristics of the solar cell (using equation (11)) with an area of 1 cm 2 fabricated on 10 Ω-cm silicon under both AM0 and AM1.5 illumination conditions. Initially, these characteristics were calculated using J sc = 40 mA/cm 2 , R s = 1.8 Ω, and R sh = ∞. Then, in order to improve the fitting with the experimental results, the calculated characteristics were corrected using R sh = 300 Ω. One can see an excellent coincidence between the experimental and calculated characteristics, as well as for the parameters of the cell (fill factor F.F. and conversion efficiency η ). For an experimentally found potential barrier of 0.9 eV it is not possible to achieve a further reduction of the silicon resistivity for structures with a p-n inversion layer or minority carrier devices. Such structures are majority carrier devices, and their properties are described by the theory of Schottky barriers. In such cases, a lower efficiency is expected due to a higher saturation current. Solar cells using FTO films present similar characteristics. Fig. 19 . Calculated dependences of the series resistance, fill factor, and efficiency of the cells, on the resistivity of the silicon substrate.
Conclusions
ITO-nSi solar cells have been produced using a spraying technique. Transparent and conductive tin-doped indium oxide films, as well as fluorine-doped tin oxide films, presenting excellent structural, optical and electrical parameters, were fabricated using a very simple, low cost, and no-time consuming method. The cells obtained in such a way can be considered as structures presenting an inversion p-n junction. Under the AM0 and AM1.5 solar illumination conditions, the efficiency is 10.8% and 12.2%, respectively. The theoretical modelling based on p-n solar cells show an excellent coincidence between the theoretical and the experimental results. It is also shown that using 1 Ω-cm silicon substrates is a promising alternative for obtaining solar cells with 14% efficiency under AM1.5 illumination conditions. The use of substrates with a lower resistivity leads to a reduction of the conversion efficiency due to the formation of Schottky barriers, which gives place to a higher saturation dark current than that presented by p-n structures. The fabrication of reported solar cells is more controllable than that needed for obtaining metal-insulatorsilicon solar cells because of the necessity of controlling a very thin (nearly 2 nm) intermediate oxide layer on the silicon substrate. Moreover, a detailed theoretical analysis (Shewchun et al., 1980) shows a higher efficiency for p-n inversion solar cells in comparison with those based on majority-carrier MIS structures.
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